e kidneys receive -  of cardiac output and play a main role in the control of cardiovascular homeostasis. It is an endocrine organ that regulates and produces many substances, scavenger particles and immune complexes. Cytokines, growth factors, reactive oxygen metabolites, bioactive lipids, proteases, vasoactive substances such as nitric oxide (NO), adrenomedullin (AM), urotensin-II (U-II), have been released in several diseases, and kidney is one of mostly aff ected organs in body. Some of these mediators act in a paracrine fashion while some act in autocrine. ey play important roles in modulating the cardiovascular responses, renal hemodynamics, and probably in mediating the clinical and laboratory manifestations of several renal diseases.
Kidney is in trouble with mediators Nitric oxide (NO), a molecule of the millennium, is synthesized from L-arginine by the enzyme nitric oxide synthase (NOS). It is a highly reactive, free radical gas and serves many functions within the kidney, including regulation of aff erent arteriolar tone and proliferation of mesangial cells (-) . Although small amounts of NO mediate many physiological events such as vasodilation, memory, neuroprotection, and immune defense, in fact, it is like a double edged sword. It has a complex role in immune functions, and mediates immunological injury to kidney mesangium in experimental glomerulonephritis () . Immunologic and infl ammatory stimuli induce the production of NO over longer periods, and it exerts cytotoxic and cytostatic eff ects not only against invading cells, but also against healthy cells () . Therefore, it has been the recent focus on the role of endothelium in the inflammation. Adrenomedullin (AM) is originally isolated from human pheochromocytoma, and has potent vasorelaxing and natriuretic properties () . It has been reported to be present in normal adrenal medulla, heart, lung, and kidney as well as in plasma and urine. Adrenomedullin may function as a circulating hormone and an autocrine/paracrine mediator involved in the regulation of the cardiovascular system, blood pressure, and renal function (,) . There is also a close interaction between AM and NO. Adrenomedullin stimulates NO production by endothelial cells, and inhibits potassium and angiotensin II-stimulated aldosterone secretion in the adrenal gland. Natriuretic and diuretic actions of AM reflect unique actions of this peptide on renal blood flow and tubular function () . Considering the important influences of NO and AM on kidney, we investigated their possible roles on several important childhood diesases.
Nitric oxide and adrenomedullin in Henoch-Schönlein purpura Henoch-Schönlein purpura (HSP) is one of the most common types of vasculitis seen in children. It is characterized by non-thrombocytopenic purpura, arthritis, abdominal pain, and renal involvement () . Its clinical manifestations are due to a generalized vasculitis involving capillaries, arteries and venules. Considering the endothelial synthesis of AM and NO, and endothelial injury in HSP, we measured their levels in children with HSP () . is was the fi rst report on AM levels in HSP, while a study has been previously demonstrated that serum and urinary nitrite levels are elevated in children with HSP () .
Sixteen children with HSP evaluated during the acute and remission phases of disease, and compared with  healthy controls. is study demonstrated that plasma and urinary AM and nitrite levels were elevated during acute phase in children with HSP, and returned to normal levels during remission (Table ) () .
Considering the important roles of NO in infl ammation, its production is expected to be increased in patients with HSP, especially in the acute infl ammatory stage of the disease. Because the Ca+-independent isoform of NOS (iNOS) can be activated by infl ammatory cytokines, interferon gamma, bacterial lipopolysaccharides, and endotoxins during inflammatory and infectious processes, and generates large amounts of NO (,) . It has been suggested that proinfl ammatory cytokines including IL-, IL-, and tumor necrosis factor (TNF) may play a role as a mediator of infl ammation in HSP () . is observation was possibly due to NO-generating cells such as endothelial, polymorphonuclear cells, and macrophages found in infl ammation. It could also derive from vascular endothelial cells (ECs) through the endothelial, calcium-dependent isoforms of NOS () . Alternatively, increased urinary excretion of nitrite may refl ect enhanced NO production by glomerular mesangial or renal tubular epithelial cells that contain calmodulin and calcium-independent-inducible NOS (,) . It has been shown that AM inhibits platelet-derived growth factor-induced endothelin- (ET-) production in cultured VSMCs probably through a cAMP-dependent process () . It is also known that TNF, IL-, and lipopolysaccharide stimulate AM production and secretion from ECs and VSMCs and enhance AM secretion by macrophages and monocytes () . Considering the increased levels of proinfl ammatory cytokines in HSP () , we suggest that AM production and secretion may be activated by these infl ammatory cytokines. Since AM has cytoprotective (,) and antiproliferative (renoprotective) eff ects on mesangial cells () , the increased levels of plasma AM may also be compensatory against infl ammatory reactions in HSP. Based on these results, it is possible that AM participates (as a cytoprotective peptide) in the pathophysiology of vascular lesions in HSP, although without having a disease-specific character. is study indicated that AM and NO may have a role in the immunoinfl ammatory process of HSP, especially in the active stage, although whether this perpetuates, or protects against, further vascular injury is not clear () .
Nitric oxide and adrenomedullin: A suspicious pair, responsible from vascular hyporeactivity, in Bartter syndrome Bartter syndrome includes hypokalemia, decreased sensitivity of the distal nephron to vasopressin, hyperreninemia, a high plasma level of angiotensin II (ATII), hyperaldosteronism, and reduced vascular response to pressor action of ATII and norepinephrine which causes its persistent normotension in spite of biochemical and hormonal abnormalities typical of hypertension () . ese events are not caused by hypokalemia, because they are still present even after the patients are made normokalemic () , nor by prostaglandin overproduction, because they do not disappear after treatment with inhibitors of prostaglandin synthesis () . Recent evidence in adult Bartter syndrome suggests that increased nitric oxide (NO) synthesis may account for the reduced vascular response of the disease () . We have firstly investigated the possible roles of NO and AM in maintaining this reduced vascular reactivity by studying plasma and urinary nitrite, a stable metabolite of NO, and AM levels in  children with Bartter syndrome,  healthy controls, and  children with hypokalemia of causes other than Bartter syndrome (pseudo-Bartter) () . Urinary excretion of nitrite (µmol/mg urinary creatinine) was ,±, in children with Bartter syndrome, ,±, in healthy controls, and ,±, in pseudo-Bartter (P<,). Plasma nitrite levels (µmol/l) were ,±,, ,±,, and ,±,, respectively (P>,), in the three groups. Urinary excretion of AM (pmol/mg urinary creatinine) was ±, ±, and ±, respectively (P<,), in the three groups. Plasma AM levels were ,±,; ,±,, and ,±,, respectively (P>,), in the three groups. The same parameters were repeated in the two groups of controls and in the Bartter patients in the th month of therapy. Urinary nitrite and AM levels were still higher in the Bartter patients than in the other groups. We concluded that increased NO production may be responsible for the reduced vascular response in Bartter syndrome () . Increased NO may originate from vascular ECs (), or may be produced by glomerular mesangial or renal tubular epithelial cells (,,) . Hypokalemia did not seem to play a role in the increased NO production, since there was no signifi cant diff erence in urinary nitrite excretion between pseudo-Bartter and healthy controls. Adrenomedullin induces vasorelaxation by at least two mechanisms: a direct action on vascular smooth muscle to increase intracellular cAMP, and stimulation of the release of NO from ECs (). We found higher urinary AM levels, in children with Bartter syndrome and pseudo-Bartter at the pretreatment period. Two possible sources of high urinary AM can be considered. One may be glomerular filtration of circulating AM since plasma AM levels are increased. Another possible explanation is that the kidney may be one of the major sites of AM synthesis. Cultured rat mesangial cells and renal tubular cells have been shown to produce AM, indicating that AM was produced and secreted in the kidney (,,) , and suggesting that urinary excretion of AM may be partly derived from renal tissues. e initial increased urinary levels of AM, both in children with Bartter syndrome and in those with pseudo-Bartter, may support a role of acute hypokalemia in the increased AM production. Hypokalemia may induce the synthesis of AM from the adrenal medulla by stimulation of sympathoadrenal activity. However, we observed that increased AM production was still going on at the th month of therapy in Bartter syndrome when compared to pseudo-Bartter, after normalization of potassium, and healthy controls. Considering the potent hypotensive and vasodilatory eff ect of AM, we speculate that it may also be responsible for vascular hyporeactivity in children with Bartter syndrome ().
e possible roles of NO and AM in minimal change nephrotic syndrome The mediator(s) of glomerular hyperpermeability is (are) not well understood in minimal change nephrotic syndrome (MCNS) () , and the relationship between immunological alterations and glomerular changes related to proteinuria is not clear. Many investigators have investigated the roles of several mediators which may induce proteinuria in glomerulonephritis. Kubo et al. () showed that plasma AM concentrations correlated with the extent of proteinuria in chronic glomerulonephritis, including MCNS, in adults. We have examined the possible roles of NO and AM in children with MCNS () . In comparison with healthy controls, children with MCNS had increased urinary nitrite excretion (µmol/mg urinary creatinine), irrespective of whether the disease was in relapse or remission (,±, in relapse, n=; ,±, in remission, n=; ,±, in controls, n=, P<,). Plasma nitrite levels (µmol/l) were high in relapse compared with controls (,±, vs. ±,, P<,). This finding indicate that NO may play a role in mediating the clinical manifestations of MCNS in children () . As we mentioned above, increased NO could derive from vascular ECs, glomerular mesangial or renal tubular epithelial cells (-) . In the absence of circulating or in situ immune complexes, a circulating factor, such as the lymphokine produced by activated suppressor T cells () or other cytokines () , may be responsible for stimulating NO synthesis in children with MCNS. e role of increased urinary nitrite excretion in mediating the manifestations of MCNS is unknown. Recently, Trachtman et al. () showed that increased urinary nitrite excretion in MCNS cannot be attributed to the nephrotic syndrome itself, because they found no diff erence between control subjects and patients with focal segmental glomerulosclerosis (FSGS). In our study, the elevated nitrite excretion in relapse and remission suggests that renal NO synthesis does not infl uence proteinuria in MCNS. However, it may play a role in mediating other manifestations of the disease () . Recently, two important studies showed an antimitogenic eff ect of AM on glomerular mesangial cells (), and migration inhibition by this peptide () . ese studies suggested that AM may exert an important benefi cial effect, tending to lessen the severity of glomerular diseases involving mainly the mesangium. We demonstrated that AM levels were signifi cantly lowered in plasma and elevated in urine of patients with MCNS in relapse () .
e increased urinary AM observed in glomerular disease may be compensatory to reduce the renal damage of high proteinuria, or it could result from tubular protein overload saturating protein reabsorptive mechanisms. Urinary excretion of AM showed a signifi cant correlation with urinary excretion of sodium during relapse, suggesting that tubular delivery of AM may have a natriuretic eff ect in MCNS, probably by decreasing distal tubular sodium reabsorption, since tubular reabsorption of phosphorus was not impaired in our patients () .
F u r t h e r i n v e s t i g a t i o n s w i l l c l a r i f y t h e r o l e ( s ) o f A M i n c h i l d r e n w i t h M C N S .
Urotensin-II in children with renal diseases: new messages from an ancient peptide Although urotensin-II has been recognized for over  years, only recently it has become a major focus of clinical researches () . Human urotensin-II (hU-II) is a cyclic peptide of  amino acids cleaved from a larger prepro-U-II precursor peptide of about  amino acids (,) . It is a ligand for the orphan Gprotein-coupled receptor, GPR () . Although human prepro-U-II mRNA is expressed mainly in the brain and spinal cord, it is also detected in other tissues, such as kidney, spleen, small intestine, thymus, prostate, pituitary, and adrenal gland () . It is the most potent mammalian vasoconstrictor identified to date () , being ten-fold more potent than endothelin-I. It circulates in the plasma of healthy individuals, and acts as a circulating vasoactive hormone and as a locally acting paracrine or autocrine factor in cardiovascular regulation (,) . It also has a vasodilatory eff ect on the small arteries of rats () and on the resistance arteries of humans () , through release of endothelium-derived hyperpolarizing factor and NO. Although some studies have been searched the circulating levels of U-II in several diseases, such as hypertension (), congestive heart failure (), renal failure (), MCNS (), preeclampsia-eclampsia (), little is known about the actions of this peptide within the kidney. Some studies have shown that renal dysfunction aff ected the U-II levels. e plasma U-II level has been found to be elevated in renal failure (), congestive heart failure(), and systemic hypertension () . However, there are no sufucient data on the level of this vasoactive peptide in glomerular diseases of childhood. Recently, we firstly demonstrated that U-II was present in plasma and urine samples of  children with minimal change nephrotic syndrome (MCNS) () . It showed important changes in relapse and remission periods. Plasma U-II concentrations during relapse were signifi cantly lower than in remission and in controls, whereas urinary U-II levels were higher in relapse than in remission (Table ) () .
Groups (n)
Plasma U-II (pg/ml) Urinary U-II (pg/mg urinary creatinine) Relapse (26) 20,11± 14,43*1 37,31± 28,43*4 Remission (26) 38,94± 23,86*2 31,09± 21,10*5 Controls (16) 54,85± 38,49*3 57,13± 32,39*6 *1 vs. *2 P =0,001, *1 vs. *3 P =0,002, *2 vs *3 P =0,143, *4 vs. *5 P =0,001*4 vs. *6 P =0,036, *5 vs.*6 P =0,002 (44) e plasma U-II level showed a signifi cant positive correlation with the plasma albumin concentration during remission (r=,, P=,). However, there was no correlation between the extent of proteinuria and plasma/urinary U-II levels, and we could not detect any relationship between U-II levels and other clinical and laboratory parameters such as the age at onset of disease, number of relapses, time to remission, blood pressure, serum creatinine, and hematological parameters. We speculated that there were a few possible reasons for the high urinary excretion of U-II. One was the loss of U-II in urine since the plasma U-II levels were markedly decreased in relapse and increased in remission for the same patients. Another possible explanation is that the kidney may be one of the major sites for U-II synthesis. Since the distal convoluted tubules and endothelial cells of renal capillaries have been shown to produce U-II (), urinary excretion of U-II may be partly derived from renal tissues. In that study () , all of our patients were diagnosed with MCNS, the most benign form of childhood glomerular diseases, we suggested that the important changes in plasma and urinary U-II levels during relapse may be the result of heavy proteinuria rather than playing a role in mediating the clinical and laboratory manifestations of MCNS. After this, it would be interesting to search the possible role(s) of this peptide in children with glomerular diseases other than MCNS. Therefore, we examined renal biopsy specimens of children with several renal diseases, including  with membranoproliferative (MPGN), and  with membranous nephropathy (MGN),  with IgA nephropathy,  with HSP, and  with focal segmental glomerulosclerosis (FSGS) (,) . e positivities in proximal, distal and collecting tubules, renal capillaries, Bowman capsules, glomerular capillaries and basal membranes, mesangium and interstisium were revealed as weak (+), moderate (++) and severe(+++). In normal human kidney, there was weak expression of human U-II in glomerulus, while abundant expressions were seen in proximal, distal tubules, and collecting ducts ( Figure ) () . In kidneys of children with MPGN, as opposed to the normal kidneys, more dense U-II immunoreactivity was seen in the glomerular basement membrane(GBM), glomerular mesangium, Bowman capsule, and tubules ( Figure ) () . Interestingly, we also observed U-II immunoreactivity in crescents ( Figure ) () . Systolic BP was positively correlated with mesangial expression of U-II (p=,, r=,), while diastolic BP was correlated with endothelial U-II expression (p=,, r=,) in MPGN () . In children with MGN, U-II was mostly seen in GBM and Bowman capsule. We observed more dense U-II immunoreactivity in distal tubules (p = ,), en-dothelium (p= ,), and mesangium (p= ,) in children with MPGN than in MGN. Diastolic BP was positively correlated with the expression of U-II in Bowman capsule (p=,, r=) in children with MGN () .
There are no sufficient data about the precise role of hU-II in renal diseases, and that was the first report demonstrating the presence of U-II by IHC in children with several renal diseases. Shenouda et al () demonstrated that U-II was mostly present in the epithelial cells of tubules and ducts, with greater intensity in the distal convoluted tubules in normal human kidneys. Moderate U-II immunoreactivity was seen in the endothelial cells of renal capillaries, but only focal immunoreactivity was found in the endothelial cells of the glomeruli. We observed similar results in normal kidneys, and these fi ndings suggest that hU-II may contribute to the pathophysiology of human kidneys. It has been speculated that U-II might be an important physiological mediator of vascular tone and blood pressure in hums () , and is also an extremely potent constrictor of renal blood vessels from primates, more potent than endothelin-I (). Considering the positive correlation between BP and intensity of U-II expression in endothelium, and mesangium, it is reasonable to suggest that U-II may play an important role in the regulation of BP in MPGN. As shown previously, mainly two basic mechanisms are possible in primary mechanisms of GNs: antibody interaction with antigens in situ within the glomerulus and antibody binding to soluble antigens in the circulation, followed by immune-complex deposition within the glomeruli (). The secondary immune mechanisms of glomerular injury are the cascade of inflammatory mediators that are recruited to propagate renal damage following the primary glomerular attack. Some of these mediators play essential roles, whereas others may aggravate the glomerular lesion () . Most of the secondary mediators include cytokines and growth factors, reactive oxygen metabolites, bioactive lipids (PAF and eicosanoids), proteases, and vasoactive substances, such as ET and NO (). Since U-II is abundantly expressed in the glomeruli in MPGN and MGN, it is reasonable to suggest that U-II may play a role in this mechanism, probably in the secondary immune mechanisms of glomerular injury, by a paracrine or an endocrine action. e abundant expression of hU-II in the proximal and distal tubules of children (patients and controls), may also suggest a possible endocrine role for U-II in electrolyte handling (,) . Interestingly, we observed abundant U-II immunoreactivity in crescents. Crescents are composed of large, swollen cells arising from both macrophages of hematogenous origin and native parietal epithelial cells () . As time elapses, the cellular crescents are progressively replaced by fi broblasts, and in more advanced stages, the fi broblastic component is entirely replaced by collagenous lamellar materials with a few remnant cells () . Recent reports have shown a mitogenic role for U-II through induction of smooth muscle cell proliferation (,) , and additionally, it has been shown to induce collagen deposition by fi broblasts () . Although we could not detect the cellular source(s) of U-II in the crescents from that study, we speculate that it may play an important role in crescent formation () . MGN is an antibody-mediated disease of uncertain and imprecise pathogenesis. However, the hypothesis that it is an autoimmune disease of the kidney, and that the subepithelial immune deposits are formed in-situ with an endogenous glomerular antigen are attractive () . e electron-dense deposits are generally located at the site of the slit diaphragm, and subepithelial space, while no electron-dense deposits are seen in the subendothelial space or in the mesangium, and hypertension at onset is associated with a less favorable outcome in MGN () . In our study, hU-II expression was mostly seen in GBM and Bowman capsule, and there was a strong positive correlation between diastolic BP and intensity of U-II expression in Bowman capsule. ese fi ndings may raise two interesting questions: May U-II play a role in the formation of these deposits as a mitogenic factor, and may it have any role in the clinical course of MGN by regulating the BP ? However, it is diffi cult to answer these questions with that study and these hypotheses must be clarifi ed by further studies. In kidneys of  children with Henoch-Schönlein nephritis (HSN) and  with IgA nephropathy (IgAN), similarly to each other, more dense U-II immunoreactivity was seen in GBM, glomerular mesangium, Bowman capsule, proximal and distal tubules. We also observed U-II immunoreactivity in crescents () . e pathogenesis of IgAN and HSN is unknown () . Animal studies have shown the key role of cytokines and growth factors (particularly PDGF and TGFβ) in the induction and resolution of mesangial injury and there is some evidence that these are also involved in IgAN () . The similar expression pattern of U-II in HSN and IgAN has been considered that U-II may have a role in mesangial infl ammation and crescent formation, as we mentioned above. In  patients with FSGS , deposition of U-II was similar to MPGN patients, but interestingly there was also abundant expression of U-II in sclerotic areas () . e pathogenesis of glomerulosclerosis is still unknown. Several factors, cytokines and growth factors, hyperlipidemia and platelet activation lead to an increase of mesangial matrix production by resident cells. Several data demonstrate that abnormal glomerular growth is associated with glomerular sclerosis () . Considering the abundant expression of U-II in sclerotic areas, we may suggest that U-II may also play a role in the progression of glomerular sclerosis, probably as a growth factor or as an infl ammatory peptide. This hypothesis must be investigated in the future.
In summary, NO, AM, and U-II may be important mediators in kidney diseases. Whether the observed findings are primary or secondary to these pathological conditions still remains unclear. They suggest a possible role of these peptides in the pathophysiology of childhood glomerulonephritis. Further, detailed studies are needed to address the exact roles of them in children with renal diseases. I think that kidney will always be in trouble with mediators and, "Every mediator is like a bullet for kidney. Some of them miss it, some glance off, but some hit it".
